Background--The prognostic significance of obstructive sleep apnea (OSA) in patients with acute coronary syndrome (ACS) in the contemporary era is unclear. We performed a large, prospective cohort study and did a landmark analysis to delineate the association of OSA with subsequent cardiovascular events after ACS onset.
O bstructive sleep apnea (OSA) is highly prevalent in patients with cardiovascular diseases. 1, 2 Increasing evidence indicates that OSA is associated with incidence and progression of coronary artery disease [3] [4] [5] and cerebrovascular disease. 6 Among patients with coronary artery disease, those with acute coronary syndrome (ACS) represent a high-risk subset and generally have higher mortality than patients with stable angina. 7 Compared with the general population, prevalence of OSA is higher in ACS patients and ranges from 36% to 63% across various ethnicities. 8 Previous observational studies have examined whether OSA significantly increased risk of recurrent cardiovascular events in patients with ACS and/or undergoing percutaneous coronary intervention (PCI). [9] [10] [11] [12] However, results are inconsistent, and most studies, except the Sleep and Stent study, 12 were not done in the era of newgeneration drug-eluting stents and modern antithrombotic therapy, thus precluding definite conclusions in the context of contemporary therapeutic strategies. Given that guideline-based optimal medical therapy was administered after ACS onset, especially within the first year, 13, 14 we hypothesized that the prognostic significance of OSA would vary across different time periods after ACS presentation. Therefore, we performed a large-scale, prospective cohort study and did a landmark analysis to delineate the association of OSA with subsequent cardiovascular outcomes in patients with ACS.
Methods
Data, analytical methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Study Design and Population
The OSA-ACS project (NCT03362385) is a large-scale, singlecenter, prospective, observational study to assess the association of OSA with cardiovascular outcomes of patients with ACS in the contemporary era. For the current study, we performed a landmark analysis at a median follow-up of 1 year. Consecutive patients aged 18 to 85 years and admitted for ACS to the Emergency & Critical Care Center of Beijing Anzhen Hospital, Capital Medical University between June 2015 and May 2017 were eligible for inclusion. ACS was defined as acute presentation of coronary disease, including ST-segment elevation myocardial infarction, non-ST-segment elevation myocardial infarction, and unstable angina. Exclusion criteria were as follows: cardiogenic shock, cardiac arrest, previous or current use of continuous positive airway pressure (CPAP), malignancy, and failed sleep study (patients without adequate and satisfactory signal recording). Patients with predominantly central sleep apnea (≥50% central events or central apnea hypopnea index [AHI] ≥10Áh À1 ) and those receiving regular CPAP therapy (>3 months) after hospitalization were excluded from the analysis. This study conformed to the STROBE (Strengthening the Reporting of Observational studies in Epidemiology) guidelines and was conducted in accord with the Declaration of Helsinki. The Ethics Committee of Beijing Anzhen Hospital, Capital Medical University approved the study (2013025). All patients provided informed consent.
Overnight Sleep Study
All patients underwent an overnight sleep study after clinical stabilization during hospitalization (within 2 weeks after admission) using portable cardiorespiratory polygraphy (ApneaLink, Resmed, Australia), which was validated in the SAVE (Sleep Apnea Cardiovascular Endpoints) study. 15, 16 Nasal airflow, thoracoabdominal movements, arterial oxygen saturation, and snoring episodes were recorded. An apnea was defined by an absence of airflow lasting ≥10 seconds (obstructive if thoracoabdominal movement was present and central if thoracoabdominal movement was absent). Hypopnea was defined as a reduction in airflow of >30% for ≥10 seconds and associated with a decrease in arterial oxygen saturation >4%. AHI was defined as the number of apneas and hypopneas per hour of total recording time. Recruited patients were categorized into OSA (AHI ≥15 eventsÁh À1 ) and non-OSA (AHI <15 eventsÁh À1 ) groups. A minimum of 3 hours of satisfactory polygraphy signal recording was considered as a valid test. All studies were double scored manually by independent sleep technologists (J.F., X.W.). Further scoring was performed in cases of discrepancy by a senior consultant in sleep medicine (Y.W.).
Procedures and Management
All patients received standard care during index ACS hospitalization according to current guidelines. 13, 14 PCI with stenting or coronary artery bypass grafting was performed if clinically indicated. At discharge, all patients were prescribed aspirin (100 mg per day) and clopidogrel (75 mg per day) or ticagrelor (90 mg twice a day) for at least 1 year unless there were contraindications. For patients with moderate-to-severe sleep apnea (AHI ≥15), particularly those with excessive daytime sleepiness, we referred them to a sleep center for further evaluation and consideration of CPAP therapy.
Clinical Perspective
What Is New?
• There was no independent correlation between obstructive sleep apnea (OSA) and 1-year major adverse cardiovascular and cerebrovascular event after acute coronary syndrome. • Patients with OSA had 3.9 times the risk of incurring a major adverse cardiovascular and cerebrovascular event after 1 year, but no increased risk was evident within 1 year. • No significant differences were found in the incidence of cardiovascular death, myocardial infarction, and ischemiadriven revascularization, except for a higher rate of hospitalization for unstable angina in the OSA group than in the non-OSA group.
What Are the Clinical Implications?
• The adverse effect of OSA in acute coronary syndrome patients might become more pronounced with an increasing duration of follow-up. • Treatment effects of continuous positive airway pressure for secondary prevention of acute coronary syndrome still need to be evaluated. • Appropriate timing and duration of intervention warrants further investigation, given that any randomized trial of continuous positive airway pressure or other therapy for ≤1 year will be unlikely to demonstrate significant benefit of therapy, given the absence of significant risk associated with OSA within the first year of acute coronary syndrome.
Follow-up and Outcomes
Follow-up started at the time of the sleep study and was performed at 1 month, 3 months, 6 months, 1 year, and then every 6 months thereafter (at least 3 months and up to 2 years). Clinical events were collected by clinic visit, medical chart review, or telephone calls by an investigator who was blinded to patients' sleep results. All clinical events were confirmed by source documentation and were adjudicated by the clinical event committee. The primary end point was major adverse cardiovascular and cerebrovascular event (MACCE), defined as a composite of cardiovascular death, myocardial infarction (MI), stroke, ischemia-driven revascularization, or hospitalization for unstable angina or heart failure. Secondary end points included components of primary end point, all-cause death, all repeat revascularization, and a composite of all events. All end points were defined in accord with the proposed definitions by the Standardized Data Collection for Cardiovascular Trials Initiative. 17 Briefly, cardiovascular death was defined as death related to proximate cardiovascular causes, procedure-related complications, or any death unless an unequivocal noncardiovascular cause could be established. MI was defined as recurrence of spontaneous ST-segment elevation myocardial infarction or non-ST-segment elevation myocardial infarction. Stroke included ischemic stroke and hemorrhagic stroke, which were verified by neurologists. Ischemia-driven revascularization was defined as any repeat PCI or coronary artery bypass grafting performed for either: MI, unstable angina, stable angina, or documented silent ischemia. Repeat revascularization was further classified into target vessel or nontarget-vessel revascularization as well as PCI or coronary artery bypass grafting.
Statistical Analyses
Continuous variables are shown as meanAESD or median (first and third quartiles) and were compared by using the Student t test or Mann-Whitney U test. Categorical variables are presented as the number (percentage) and were compared using v 2 statistics or Fisher's exact test, as appropriate.
Time-to-event data were summarized as Kaplan-Meier estimates and were compared by the log-rank test. Multivariable Cox regression analyses were performed to determine independent predictors of MACCE and other cardiovascular events, and the adjusted hazard ratio (HR) with 95% CI were calculated. Baseline variables that were considered clinically relevant or that showed a univariate relationship with outcome were entered into the Cox regression models. Variables for inclusion were carefully chosen, given the number of events available, to ensure parsimony of the final models. If the patient experienced more than 1 event during the follow-up period, only the first event was included in the analysis. Landmark analyses were performed according to a cut-off point of 1 year after sleep study, with HRs calculated separately for events that occurred within 1 year and those that occurred after 1 year.
All statistical analyses were conducted with SPSS (version 22.0[ IBM SPSS Inc, Armonk, NY) and Stata software (version 11.2; StataCorp LP, College Station, TX). A 2-sided P<0.05 was considered statistically significant.
Results

Baseline Characteristics
In total, 899 consecutive eligible patients with ACS were prospectively enrolled, of whom 867 underwent a successful overnight sleep study. After exclusion of patients according to predefined criteria, 804 patients were included in the final analysis ( Figure 1 ). Mean patient age was 57.5AE10.2 years, and 82.6% were male. Patients with OSA had higher body mass index (P<0.001) and waist-to-hip ratio (P<0.001). Medical history was comparable between OSA and non-OSA groups, except previous PCI or coronary artery bypass grafting, which was more frequent in the OSA group (Table 1) .
Results of Sleep Study
Median total recording time was 472 (405-536) minutes. AHI ranged from 0.0 to 97.9. Prevalence of OSA was 50.1% based on diagnostic criteria of AHI ≥15. Patients with OSA exhibited lower minimum oxygen saturation and excessive daytime sleepiness than those without OSA. Detailed information is described in Table 2 . 
Procedures and Medications
Procedure and medication information is shown in Table 3 . Most patients received invasive procedures, with coronary angiography in 97.8%. There were more PCIs (P=0.018) and stenting (P=0.029) procedures in patients with OSA than in those without OSA. Prescribed medications on discharge did not differ between the OSA and non-OSA groups.
Primary End Point
During a median follow-up of 1 year (0.7-1.7), 81 (10.1%) patients had MACCE-51 (12.7%) in the OSA group and 30 (7.5%) in the non-OSA group (Table 4 ). Kaplan-Meier analysis showed that cumulative incidence of MACCE was significantly higher in the OSA group than in the non-OSA group (log-rank, P=0.041; Figure 2A ). OSA predicted incidence of MACCE in unadjusted analysis (HR, 1.59; 95% CI, 1.01-2.50; P=0.043; Table 5 ). After adjustment for age, sex, body mass index, hypertension, diabetes mellitus, clinical presentation, PCI procedure, and minimum arterial oxygen saturation, presence of OSA was nominally associated with incidence of MACCE, but this fell short of statistical significance (HR, 1.55; 95% CI, 0.94-2.57; P=0.085; Table 5 ).
In the landmark analysis ( Figure 2B and Table 5 ), there was no significant difference in the incidence of MACCE between the OSA and non-OSA groups within 1-year follow-up (adjusted HR, 1.18; 95% CI, 0.67-2.09; P=0.575). In contrast, during the period after 1 year, patients with OSA had a 3.9fold higher risk of MACCE (adjusted HR, 3.87; 95% CI, 1.20-12.46; P=0.023).
Secondary and Other End Points
Crude numbers of events are listed in Table 4 . In general, most events came from hospitalization for unstable angina or ischemia-driven revascularization. In Kaplan-Meier analyses, no significant differences were found in the incidence of cardiovascular death, MI, and ischemia-driven revascularization, except for a higher rate of hospitalization for unstable angina in the OSA group than in the non-OSA group (log-rank, P=0.033; Figure 3 ). Similarly, multivariate analysis showed higher risk of unstable angina in patients with OSA compared with those without OSA (HR, 2.10; 95% CI, 1.09-4.05; P=0.027; Table 5 ). Moreover, incidence of all events was significantly higher in the OSA group than in the non-OSA group in the landmark analysis after 1 year (adjusted HR, 3.67; 95% CI, 1.13-11.95; P=0.031; Table 5 ).
Discussion
The prospective cohort study showed that OSA was nominally associated with increased incidence of MACCE in patients with ACS. However, multivariable analysis showed that there was no independent correlation between OSA and 1-year MACCE after ACS. The difference between the 2 groups was driven by an increase of hospitalizations for unstable angina in the OSA group. In the landmark analysis, patients with OSA had 3.9 times the risk of incurring a MACCE after 1 year, but no increased risk was evident within 1 year, suggesting that the adverse effect of OSA might become more pronounced with an increasing duration of follow-up. Data are presented as n (%). CABG indicates coronary artery bypass grafting; MACCE major adverse cardiovascular and cerebrovascular event; OSA, obstructive sleep apnea; PCI, percutaneous coronary intervention. Despite therapeutic advances, including greater use of reperfusion therapy and modern antithrombotic therapy, mortality following ACS remains substantial. In the national registries of the European Society of Cardiology countries, inhospital mortality of ST-segment elevation myocardial infarction patients varies between 4% and 12%, 18 and reported 1-year mortality among ST-segment elevation myocardial infarction patients in angiography registries is %10%. 19, 20 Consequently, it is important to identify potential factors that might contribute to worsening of clinical outcomes in patients with ACS.
OSA-mediated intermittent hypoxia, triggered by repetitive bursts of apneas and hypopneas, is a major contributing factor to cardiovascular impairment. 21 Recurrent cycles of hypoxemia with reoxygenation promote oxidative stress, sympathetic activation, and inflammatory responses, resulting in endothelial dysfunction 21 and reduction of repair capacity, 22 which exacerbate progression of atherosclerosis and plaque instability. Based on intravascular ultrasound, patients with OSA had a larger total atheroma volume than those without OSA. 4 In a large ACS cohort study, OSA was associated with an increased number of diseased vessels. 23 In our study, there were more PCI procedures in OSA patients. In addition, patients with OSA showed increased platelet activation and aggregation 24 and reduced fibrinolytic capacity, 25 all of which predispose to thrombotic events. Several observational studies and meta-analysis have shown a higher risk of long-term cardiovascular events in patients with OSA, [9] [10] [11] [12] 26 but most studies were done in the era before new-generation drugeluting stents and potent antiplatelet therapy. To the best of our knowledge, the present study is 1 of the largest cohorts to examine impact of OSA on cardiovascular outcomes of ACS patients in the contemporary era. Our results demonstrate that patients with OSA might have a greater risk of MACCE after ACS onset, even if most patients have received revascularization and optimal medical therapy.
Specifically, our results indicate that increased risk in OSA patients was obvious only after 1 year. This may be explained by the fact that patients are under guideline-based therapy 27 In contrast, OSA may have a chronic deleterious effect in the long run, which was verified in our study showing increased events after 1 year, consistent with previous studies with long-term follow-up. 9, 28 According to recent randomized trials and meta-analysis, treatment of OSA with CPAP may not confer significant cardiovascular benefit among patients with established cardiovascular disease. [29] [30] [31] In a trial that enrolled 224 patients with OSA and coronary artery disease who had undergone revascularization, no difference was found in a composite end point of repeat revascularization, MI, stroke, or cardiovascular death in patients with CPAP versus those without CPAP therapy. The Kaplan-Meier curve suggests that CPAP may be harmful in the first 12 months following randomization, and modest benefits may emerge in the long-term follow-up. 29 Specifically, despite recommendations for treatment, the vast majority of patients in our study did not proceed to consideration for CPAP therapy because of unawareness of significance of OSA, a finding also observed in another study of OSA patients after MI. 32 In this case, treatment effects of CPAP for secondary prevention of coronary artery disease still need to be evaluated, especially in a high-risk group (ACS, MI, etc). Also, the appropriate duration of intervention warrants further investigation, given that any randomized trial of CPAP or other therapy for 1 year or less will be unlikely to demonstrate significant benefit of therapy, given the absence of significant risk associated with OSA within the first year of ACS.
Study Limitations
First, OSA was detected by cardiorespiratory monitoring rather than complete polysomnography. Although the portable devices may underestimate AHI as a consequence of overestimating actual sleeping time, it is a simple and safe way to identify OSA in this high-risk patient population. Second, whereas it is possible that severity of OSA may change in the weeks after ACS, 33 this is true for OSA evaluation in the setting of any acute disease, including heart failure. Also, patients in our study received a sleep study after clinical stabilization, thus minimizing the potential bias. Third, follow-up duration was relatively shorter. Also, a previous study indicated that nocturnal hypoxemia in OSA is a predictor of poor outcome after MI in the long run. 32 Therefore, longer follow-up of this cohort is needed. Finally, this study is a single-center study that recruited primarily East-Asian patients. Studies pertaining to other ethnicities are needed.
Conclusions
In this prospective cohort study, OSA was not independently associated with a higher incidence of MACCE in patients with ACS. However, an increased risk associated with OSA was observed during the period after 1 year. Efficacy of CPAP therapy for secondary prevention and timing of intervention after ACS need further evaluation.
